Abstract. Let G be a finite abelian group. We prove that the number of non-G-equivalent minimal abelian codes is equal to number of divisors of the exponent of G if and only if for each prime p dividing the order of G, the Sylow p-subgroups of G are homocyclic.
Introduction
Let G be a finite abelian group and F a field of characteristic coprime to the order of G. An abelian group code over F is defined to be an ideal of the group algebra FG and an abelian group code is said to be minimal if the corresponding ideal is a minimal ideal of FG. (This definition is due to Berman [1] and MacWilliams [3] ). Miller [4] defines an equivalence relation on the set of abelian group codes. Two abelian group codes I 1 and I 2 are called G-equivalent if there is a group automorphism ϕ : G → G whose linear extension to the group algebra maps I 1 onto I 2 . In [2] , the authors construct a one to one correspondence between G-equivalence classes of minimal abelian group codes and Gisomorphism classes of cocyclic subgroups of G. (For the details see Proposition III.2, Proposition III.7 and Proposition III.8 in [2] ). A subgroup H of G is called cocyclic if it is a proper subgroup of G and the quotient G/H is cyclic. Two subgroups H 1 and H 2 of G are said to be G-isomorphic if there exists an automorphism of G mapping H 1 onto H 2 .
In [4] , for an abelian group G of odd order, it is proved that the number of non-G-equivalent minimal abelian group codes over F 2 is equal to the number of divisors of the exponent of G. In [2] , it is shown that this statement is not true and moreover it is shown that if G is isomorphic to a direct product of isomorphic cyclic groups, the number of non-G-equivalent minimal abelian group codes over F is equal to the number of divisors of exponent of G (see Theorem V.6 in [2] ). In the following theorem which is the main theorem of this paper, we extend this result and give a characterization of an abelian group whose number of non-equivalent minimal codes is equal to the number of divisors of its exponent. Theorem 1.1. Let G be a finite abelian group and F a field of characteristic coprime to order of G. The number of non-G-equivalent minimal abelian group codes over F is equal to the number of divisors of exponent of G if and only if for each prime p dividing the order of G, the Sylow p-subgroups of G are homocyclic.
Here a homocyclic group is a direct product of pairwise isomorphic cyclic groups. Note that Theorem V.6 in [2] follows from the Theorem 1.1 as a corollary. The paper consists of two sections. In the next section, we state the necessary results and prove the theorem.
Necessary results and the proof of the theorem
Let X(G) = {H | H is a cocyclic subgroup of G} ∪ {G}. Consider the action of automorphism group Aut(G) on X(G). The set of orbits of X(G) under this action is the set of G-isomorphism classes of cocyclic subgroups together with the orbit of G which is equal to G itself. Let I(G) = {I | I is a minimal abelian group code in FG}. Then Aut(G) induces an action on I(G) and the orbits of this action is the set of G-equivalence classes of minimal abelian group codes.
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We can easily conclude the following theorem from [2] .
Theorem 2.1 ([2]
). The number of orbits of X(G) under the action of Aut(G) is equal to the number of orbits of I(G) under the induced action of Aut(G).
Proof. This follows from Proposition III.1, Proposition III.7, Proposition III.8 in [2] .
Let τ (G) denote the number of divisors of the exponent of G. Since the number of orbits in X(G) is at least τ (G) when G is an abelian group, by Theorem 2.1 the number of non-G-equivalent minimal codes is greater or equal to τ (G). We give a complete characterization for the groups G having exactly τ (G) non-G-equivalent minimal abelian group codes over F in our main result.
We consider the number of non-G-equivalent minimal abelian group codes for homocyclic p-groups and prove the following. Theorem 2.2. Let G be an abelian p-group. The number of non-G-equivalent minimal abelian group codes is equal to τ (G) if and only if G is homocyclic.
Proof. Assume G is homocyclic. Then by Theorem V.6 in [2] , the number of orbits of I(G) is equal to τ (G). For the converse, assume that G is not homocyclic. If the exponent of G is p r for some
is a family of non isomorphic cocyclic subgroups of G. Obviously K × C p r is another cocyclic subgroup which is not isomorphic to none of the elements of this family. So we have at least r + 1 non isomorphic cocyclic subgroups. This means number of orbits of X(G) is at least r + 2 (we are also counting orbit of G). This leads to a contradiction because τ (G) = r + 1. Now, we turn our attention to the general case. We can characterize the cocyclic subgroups of a direct product of groups whose orders are relatively prime.
Proof. Under the given condition any subgroup will be in the form H 1 × K 1 . The rest of the proof follows from the definition of a cocyclic subgroup.
We need the following lemma for counting the number of equivalence classes of cocyclic subgroups of a direct product of groups whose orders are relatively prime.
Lemma 2.5. Let G = H × K where (|H|, |K|) = 1. Then the number of orbits of X(G) under the action of Aut(G) is equal to the product of the number of orbits of X(H) under the action of Aut(H) and the number of orbits of X(K) under the action of Aut(K).
Proof. Follows from Lemma 2.3 and Lemma 2.4.
Proof of Theorem 1.1. Let G = S p1 ×S p2 ×...×S p k where each S pi is a homocyclic Sylow p i -subgroup. If the exponent of each S pi is p ei , then by Theorem 2.2, the number of orbits of I(S pi ) is equal to τ (S pi ) = e i + 1. By Lemma 2.5, the number of orbits of I(G) is equal to k i=1 (e i + 1) which is equal to τ (G).
For the converse, assume for some i, the Sylow p i -subgroup S pi is not homocyclic. Then by Theorem 2.2 the number of orbits of I(S pi ) > τ (S pi ) = e i + 1 which gives a contradiction.
